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POWER CONVERSION DEVICE AND
METHOD FOR TRANSMITTING
PROTECTION SIGNAL USING THE SAME

RELATED APPLICATIONS

This application claims priority to Chinese Application
Serial Number 201410290589.3, filed Jun. 25, 2014, which

1s herein mcorporated by reference.

BACKGROUND

Field of Invention

The present invention relates to a device and a method for
transmitting a signal. More particularly, the present inven-
tion relates to a power conversion device and a method for
transmitting a protection signal using the same.

Description of Related Art

With the advancement of science and technology, the
techniques used by the electronic power industry are matur-
ing; hence, power supply devices are widely applied 1n
various electronic devices. Reliability 1s a basic requirement
for such an electronic power device. A reliable electronic
power device can stably operate under normal operating
conditions, and can effectively protect itself when the elec-
tronic power device 1s malfunctioning, so that the electronic
power device will not be damaged.

When malfunctioning, the electronic power device mainly

uses an optical-isolation component or an 1solated pulse
transformer to transmit a fault signal. However, 11 an optical-
isolation component i1s used to transmit a fault signal, the
manufacturing cost of the electronic power device will be
increased and the reliability thereot will be lowered. More-
over, 1i an 1solated pulse transformer 1s used to transmit a
tault signal, an individual 1solated pulse transformer must be
disposed for each power semiconductor switch so as to
return the fault signal thereotf; consequently, the structure of
the electronic power device becomes complicated, which 1s
unfavorable for the manufacturing process.
In view of the foregoing, problems and disadvantages are
associated with existing products that require further
improvement. However, those skilled 1n the art have yet to
find a solution.

SUMMARY

The following presents a simplified summary of the
disclosure 1n order to provide a basic understanding to the
reader. This summary 1s not an extensive overview of the
disclosure and 1t does not 1dentity key/critical elements of
the present disclosure or delineate the scope of the present
disclosure.

One aspect of the present disclosure 1s to provide a power
conversion device that comprises a power semiconductor
switch module, a driving signal transmitting circuit, a plu-
rality of fault detecting circuits, a protection signal trans-
mitting circuit and a control circuit. The power semicon-
ductor switch module comprises a plurality of power
semiconductor switches. The driving signal transmitting
circuit 1s configured to receive a control signal, and generate
a driving signal according to the control signal to drive the
conduction or non-conduction of the power semiconductor
switch module. Each of the plurality of fault detecting
circuits 1s configured to correspondingly detect one of the
plurality of power semiconductor switches and/or the driv-
ing signal transmitting circuit, and generate a fault signal
when one of the plurality of power semiconductor switches
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and/or the driving signal transmaitting circuit 1s malfunction-
ing. The protection signal transmitting circuit comprises an
1solated pulse transforming unit. The isolated pulse trans-
forming unit receives a corresponding fault pulse signal
generated according to the fault signal, and outputs a pro-
tection pulse signal. The control circuit generates the control
signal and recerves the protection signal generated according
to the pulse signal, and generates a control-terminal turn-oil
signal according to the protection signal to turn off the power
semiconductor switch module.

Another aspect of the present disclosure provides a
method for transmitting a protection signal of a power
conversion device. The method for transmitting a protection
signal comprises the following steps:

detecting a plurality of power semiconductor switches
within a power semiconductor switch module and/or a
driving signal transmitting circuit, and generating a fault
signal when one of the plurality of power semiconductor
switches and/or a driving signal transmitting circuit 1s mal-
functioning;

using an 1solated pulse transforming unit to receive a
corresponding fault pulse signal generated according to the
fault signal, and to output a protection pulse signal;

recerving a protection signal generated according to the
protection pulse signal; and

generating a control-terminal turn-ofl signal according to
the protection signal, and transmitting the control-terminal
turn-ofl signal to turn off the power semiconductor switch
module.

In view of the foregoing, embodiments of the present
disclosure provide a power conversion device and a method
for transmitting a protection signal using said device to
address the problems of high manufacturing cost and low
reliability caused by using an optical-1solation component to
transmit a fault signal, as well as to address the problem of
complicated structure of the electronic power device caused
by using a single 1solated pulse transforming unit to transmit
a fault signal.

These and other features, aspects, and advantages of the
present disclosure, as well as the technical means and
embodiments employed by the present disclosure, will
become better understood with reference to the following

description 1n connection with the accompanying drawings
and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:

FIG. 1 1s a schematic diagram 1llustrating a power con-
version device according to one embodiment of the present
disclosure:

FIG. 2 1s a schematic diagram 1llustrating a power con-
version device according to another embodiment of the
present disclosure;

FIG. 3A 1s a schematic diagram 1llustrating an 1solated
pulse transforming unit according to an embodiment of the
present disclosure;

FIG. 3B 1s a schematic diagram illustrating a signal
magnetic-1solating unit according to an embodiment of the
present disclosure;

FIG. 4A a 1s a schematic diagram 1llustrating an 1solated
pulse transforming unit according to another embodiment of
the present disclosure;
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FIG. 4B 1s a schematic diagram illustrating a signal
magnetic-1solating unit according to another embodiment of

the present disclosure;

FIG. 5A 1s a schematic diagram illustrating an isolated
pulse transforming unit according to still another embodi-
ment of the present disclosure;

FIG. 5B 1s a schematic diagram 1illustrating a signal
magnetic-1solating unit according to still another embodi-
ment of the present disclosure;

FIG. 6 1s a schematic diagram 1llustrating a partial circuit
of a power conversion device according to still another
embodiment of the present disclosure;

FIG. 7 1s a schematic diagram 1llustrating a partial circuit
of a power conversion device according to yet another
embodiment of the present disclosure; and

FIG. 8 1s a schematic diagram 1llustrating a partial circuit
of a power conversion device according to still yet another
embodiment of the present disclosure.

In accordance with common practice, the wvarious
described features/elements are not drawn to scale but
instead are drawn to best illustrate specific features/elements
relevant to the present disclosure. Also, wherever possible,
like or the same reference numerals are used 1n the drawings
and the description to refer to the same or like parts.

DETAILED DESCRIPTION

The detailed description provided below in connection
with the appended drawings 1s intended as a description of
the present examples and 1s not intended to represent the
only forms in which the present examples may be con-
structed or utilized. The description sets forth the functions
of the examples and the sequence of steps for constructing
and operating the examples. However, the same or equiva-
lent functions and sequences may be accomplished by
different examples.

Unless otherwise defined herein, scientific and technical
terminologies employed 1n the present disclosure shall have
the meanings that are commonly understood and used by
one of ordinary skill 1in the art. Unless otherwise required by
context, 1t will be understood that singular terms shall
include plural forms of the same and plural terms shall
include singular forms of the same.

To solve the problems caused by using an optical-isola-
tion component and a single 1solated pulse transformer to
transmit a fault signal 1n an electronic power device, the
present disclosure provides a power conversion device and
a method for transmitting a protection signal in said device.
The power conversion device mainly uses an 1solated pulse
transformer to transmit a fault signal, so as to address the
problems of high manufacturing cost and low reliability
associated with using an optical-isolation component to
transmit a fault signal. Furthermore, the power conversion
device according to the present disclosure only requires one
1solated pulse transformer and one protection signal pro-
cessing circuit to return a fault signal, thereby addressing the
problem of a complicated structure of an electronic power
device resulting from each power semiconductor switch
requiring an individual 1solated pulse transformer to return
a fault signal thereof. The present power conversion device
and the method for transmitting a protection signal in such
a device are described 1n detailed hereinbelow.

FIG. 1 1s a schematic diagram 1illustrating a power con-
version device 100 according to one embodiment of the
present disclosure. As illustrated, said power conversion
device 100 comprises a control circuit 110, a driving signal
transmitting circuit 120, a protection signal transmitting,
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circuit 130, a fault detecting circuit 140 and a power
semiconductor switch module 150. Specifically, the driving
signal transmitting circuit 120 comprises a driving primary-
side umt 122, a signal isolating unit 124 and a driving
secondary-side unit 126; and the protection signal transmit-
ting circuit 130 comprises a protection signal processing unit
132, an 1solated pulse transforming unit 134 and a protection
signal generating unit 136.

Regarding the structural connection of the elements 1n the
power conversion device 100, the control circuit 110 1s
clectrically coupled to the driving primary-side unit 122, the
driving primary-side unmit 122 1s coupled to the signal
isolating unit 124, the signal 1solating unit 124 (the signal
isolating unit can be a signal magnetic-1solating unit or a
signal optical-isolating unit) 1s coupled to the driving sec-
ondary-side unit 126, and the driving secondary-side unit
126 1s electrically coupled to the power semiconductor
switch module 150. Moreover, the control circuit 110 1s
clectrically coupled to the protection signal processing unit
132, the protection signal processing unit 132 1s electrically
coupled to the 1solated pulse transforming unit 134, the
1solated pulse transforming unit 134 1s electrically coupled
to the protection signal generating unit 136, and the protec-
tion signal generating unit 136 1s coupled to the fault
detecting circuit 140. However, the present disclosure 1s not
limited to FIG. 1, and the configuration shown therein is
only used to exemplily one implementation of the present
disclosure.

When the power conversion device 100 1s operating
normally, the control circuit 110 outputs a control signal, and
the driving primary-side unit 122 recerves said control signal
and generates a driving pulse signal according to the control
signal, in which the control signal 1s a logic level signal
having a high or low voltage level. Moreover, the driving
primary-side umt 122 modulates the control signal to gen-
crate the driving pulse signal, 1n which the driving pulse
signal comprises an ON pulse signal and an OFF pulse
signal, each of the width of the ON pulse signal and the
width of the OFF pulse signal can be a value between 50
ns-10 us, the ON pulse signal corresponds to the rising edge
of the control signal, and the OFF pulse signal corresponds
to the falling edge of the control signal. For example, when
the driving primary-side unit 122 receives the rising edge of
the control signal, 1t modulates the control signal to generate
the ON pulse signal, and when the driving primary-side unit
122 receives the falling edge of the control signal, 1t modu-
lates the control signal to generate the OFF pulse signal.
Additionally, the signal 1solating unit 124 1s configured to
receive and transmit the driving pulse signal. Thereaftter, the
driving secondary-side unit 126 receives the driving pulse
signal, and converts the driving pulse signal into a driving
signal to drive the conduction or non-conduction of the
power semiconductor switch module 150. In the present
embodiment, the signal 1solating unit 124 1s a signal mag-
netic-1solating unit, 1n which the driving secondary-side unit
126 processes the driving pulse signal to generate and
amplily a driving signal having a high or low voltage level,
so that the driving signal 1s capable of driving the power
semiconductor switch module 150. For example, when the
driving secondary-side unit 126 receives the ON pulse
signal, the ON pulse signal 1s latched 1n a high voltage level,
and when the driving secondary-side unit 126 receives the
OFF pulse signal, the OFF pulse signal 1s latched 1n a low
voltage level, so that the driving signal has a high or low
voltage level. In this scenario, the rising edge of the driving,
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signal corresponds to the ON pulse signal, and the falling
edge of the driving signal corresponds to the OFF pulse
signal.

On the other hand, when the power conversion device 100
1s malfunctioming, the present device operates as outlined 1n
the paragraphs below.

The fault detecting circuit 140 correspondingly detects a
plurality of power semiconductor switches (not shown) of
the power semiconductor switch module 150 or the driving,
signal transmitting circuit 120, or both of the power semi-
conductor switches and the driving signal transmitting cir-
cuit 120. When one of the plurality of power semiconductor
switches or the driving signal transmitting circuit 120, or
both of the power semiconductor switches and the driving
signal transmitting circuit 120 is/are malfunctioning, the
fault detecting circuit 140 generates a fault signal, and the
fault detecting circuit 140 transmits the fault signal to the
protection signal generating unmit 136. After receiving the
fault signal, the protection signal generating unit 136 gen-
erates a corresponding fault pulse signal according to the
fault signal. In one embodiment, said fault pulse signal may
be a narrow pulse signal suitable for transmission by the
1solated pulse transforming unit 134.

Thereafter, the 1solated pulse transforming unit 134
receives the fault pulse signal and the output protection
pulse signal. The protection signal processing umt 132
receives the protection pulse signal and generates a protec-
tion signal according to the protection pulse signal, the
protection signal processing unit 132 transmits the protec-
tion signal to the control circuit 110, the control circuit 110
receives the protection signal and generates a control-ter-
minal turn-ofl signal according to the protection signal, and
the control circuit 110 transmits the control-terminal turn-ofl
signal to the power semiconductor switch module 150 via
the driving signal transmitting circuit 120 to turn off the
power semiconductor switch module 150. In another
embodiment, the protection signal processing unit 132
simultaneously transmits the protection signal to the control
circuit 110 and the driving primary-side umit 122. The
driving primary-side unit 122 then generates a driving-
terminal turn-ofl signal according to the protection signal,
and transmits the dniving-terminal turn-oif signal to the
power semiconductor switch module 150 to turn off the
power semiconductor switch module 150.

In view of the foregoing, embodiments according to the
present disclosure provide an power conversion device 100
using an 1solated pulse transforming unit 134 to transmit the
tault signal; hence, as compared to using an optical-1solation
component (such as, an optic fiber or an optical coupler) to
transmit a fault signal, using the 1solated pulse transforming,
unit 134 results 1n a lower manufacturing cost and a higher
device reliability.

It should be noted that the power semiconductor switch
module 150 illustrated in FIG. 1 1s only one power semi-
conductor switch module within the power conversion
device 100. In practice, the power conversion device 100
may comprise a plurality of power semiconductor switch
modules (not shown), and the plurality of power semicon-
ductor switch modules can be serially connected. Each of
these power semiconductor switch modules may comprise a
driving signal transmitting circuit and a protection signal
transmitting circuit. Accordingly, in another embodiment,
the protection signal processing unit 132 may simultane-
ously transmit the protection signal to the driving primary-
side unit 122 and the control circuit 110. After the driving
primary-side unit 122 receives the protection signal, the
driving primary-side unit 122 generates a driving-terminal
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turn-ofl signal according to the protection signal and trans-
mits the driving-terminal turn-ofl signal to the power semi-
conductor switch module driven by said driving primary-
side unit 122, so as to turn off the power semiconductor
switch module. Moreover, after the control circuit 110
receives the protection signal, the control circuit 110 gen-
erates a control-terminal turn-off signal according to the
protection signal and transmits the control-terminal turn-oil
signal to the other driving signal transmitting circuit(s) of
the power conversion device 100, so as to turn ofl the other
power semiconductor switch module(s) of the power con-
version device 100, thereby achieving the purpose of turning
off all the power semiconductor switch modules of the
power conversion device 100.

In one embodiment, the power semiconductor switch
modules can be switch valves in the same bridge arm 1n the
power conversion device 100, or switch valves 1n different
bridge arms 1n the power conversion device 100.

FIG. 2 1s a schematic diagram 1llustrating a power con-
version device 100a according to another embodiment of the
present disclosure. In comparison with the power conversion
device 100 illustrated in FIG. 1, the present power conver-
s1on device 100a comprises a signal 1solating unit having N
outputs 1241~124N, N driving secondary-side units
1261~126N, N fault detecting circuits 1401~140N, and N
protection signal generating units 1361~136N. It should be
noted that 1n the power conversion device 100q illustrated 1n
FIG. 2, the reference numbers of the electronic components
that are similar to those used in the power conversion device
100 1llustrated 1n FIG. 1 have the same electrical operating
characteristics. For the sake of brevity, the electric compo-
nents with similar reference numbers will not be discussed
in detail hereinbelow, and rather, only the differences
between the power conversion device 100 and the power
conversion device 100aq are discussed.

Regarding the structural connection of the elements 1n the
power conversion device 100a, each of the protection signal
generating units 1361~136N 1s coupled to one of the fault
detecting circuits 1401~140N. For example, the protection
signal generating unit 1361 1s coupled to the fault detecting,
circuit 1401. Moreover, the protection signal generating
umts 1361~136N are all coupled to a single 1solated pulse
transforming unit 134, while the 1solated pulse transforming
umt 134 1s electrically coupled to a single protection signal
processing unit 132. Moreover, each of the driving second-
ary-side units 1261~126N 1s electrically coupled to one of
the power semiconductor switches (not shown) in the power
semiconductor switch module 150. Furthermore, the outputs
1241~124N of the signal 1solating unit are respectively
coupled to the driving secondary-side units 1261~126N. For
example, the output 1241 of the signal 1solating unit 124 1s
coupled to the driving secondary-side unit 1261, and the
input of the signal 1solating unit 124 1s coupled to the driving
primary-side unit 122.

In operation, said fault detecting circuits 1401~140N are
configured to detect multiple power semiconductor switches
in the power semiconductor switch module 150, and when
any power semiconductor switch in the power semiconduc-
tor switch module 150 1s malfunctioning, to generate a fault
signal. For example, if the fault detecting circuit 1401
detects that the corresponding power semiconductor switch
in the power semiconductor switch module 150 1s malfunc-
tioning, the fault detecting circuit 1401 generates a fault
signal, and transmits the fault signal to the protection signal
generating unit 1361. Moreover, the protection signal gen-
erating unit 1361 generates a corresponding fault pulse
signal according to the fault signal, and transmits the fault
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pulse signal via the 1solated pulse transforming unit 134 to
protection signal processing unit 132.

On the other hand, 11 the fault detecting circuits 1401 and
140N simultanecously detect that the corresponding power
semiconductor switches in the power semiconductor switch
module 150 are malfunctioning (for example, the fault
detecting circuit 1401 detects that a power semiconductor
switch 1s malfunctioning, and the fault detecting circuit
140N detects that another power semiconductor switch 1s
malfunctioning), the two fault signals respectively generated
by the fault detecting circuit 1401 and the fault detecting
circuit 140N can be used to generate two corresponding fault
pulse signals using the corresponding protection signal
generating units 1361, 136N, and the single 1solated pulse
transforming unit 134 1s used to generate a protection pulse
signal. The protection signal processing unit 132 1s subse-
quently used to generate a protection signal according to the
protection pulse signal and return the protection signal.

In this way, as compared with the circuit structure that
requires each power semiconductor switch to use an 1solated
pulse transformer to transmit the fault signal thereof, the
power conversion device 100a according to the present
disclosure only requires a single 1solated pulse transformer
134 and a single protection signal processing circuit 132 to
return a fault signal; therefore, the present circuit structure
1s more simple, which 1s advantageous for manufacture and
allows for a reduction in manufacturing cost.

FIG. 3A, FIG. 4A and FIG. 5A are schematic diagrams
illustrating different means of implementing the 1solated
pulse transforming unit 134 according to certain embodi-
ments of the present disclosure. Moreover, FIG. 3B, FIG. 4B
and FIG. 58B are schematic diagrams illustrating different
means ol implementing the signal 1solating unit 124 accord-
ing to certain embodiments of the present disclosure, 1n
which said signal 1solating unit 124 can be a signal mag-
netic-1solating unait.

As 1llustrated 1n FIG. 3A, the 1solated pulse transforming
unit 134 comprises a plurality of pulse transformers
1341~134N. Each pulse transformer comprises an input
winding, a magnetic core and an output winding. For
example, the pulse transformer 1341 comprises an input
winding Inputl, a magnetic core and an output winding
Outputl. Moreover, the input winding of each pulse trans-
former 1s correspondingly electrically coupled to the pro-
tection signal generating units 1361~136N. For example, the
input winding Inputl of the pulse transformer 1341 1is
clectrically coupled to the protection signal generating unit
1361. Moreover, all the output windings Outputl~OutputN
of all the pulse transformers 1341~134N are serially con-
nected 1n turn, and the two ends of the assembly of these
serially connected output windings Outputl~OutputN are
clectrically coupled to the protection signal processing unit
132.

In one embodiment, as illustrated in FIG. 3B, the signal
magnetic-1solating unit 124 comprises a plurality of dniving,
pulse-isolation transformers 1241~124N. Each dnving
pulse-1solation transformer comprises an mput winding, a
magnetic core and an output winding. For example, the
driving pulse transformer 1241 comprises an mput winding
Inputl, a magnetic core and an output winding Outputl.
Moreover, the output winding of each driving pulse-isola-
tion transiormer 1s correspondingly electrically coupled to
one of the driving secondary-side units 1261~126N. For
example, the output winding Outputl of the dniving pulse
transformer 1241 1s electrically coupled to the driving
secondary-side unit 1261. Moreover, all the mput windings
Inputl~InputN of the drniving pulse-isolation transformers
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1241~124N are serially connected 1n turn. The two ends of
the assembly of these senially connected mput windings
Inputl~InputN are electrically coupled to the driving pri-
mary-side unit 122.

Another embodiment 1s described with reference to FIG.
4A. It should be noted that the 1solated pulse transforming
umt 134 illustrated in FIG. 3A comprises a plurality of
output windings Outputl ~OutputN, while the 1solated pulse
transforming unit 134 illustrated in FIG. 4A only comprises
a single output winding Output. Specifically, the 1solated
pulse transforming unit 134 1llustrated 1n FI1G. 4A comprises
a pulse transformer, 1n which said pulse transformer com-
prises a plurality of input windings Inputl~InputN, a mag-
netic core and an output winding Output. Each input wind-
ing 1s correspondingly electrically coupled to the protection
signal generating units 1361~136N. For example, the input
winding Inputl 1s electrically coupled to the protection
signal generating unit 1361. Moreover, the output winding
Output 1s electrically coupled to the protection signal pro-
cessing unit 132.

Still another embodiment 1s described with reference to
FIG. 4B. It should be noted that the signal 1solating unit 124
illustrated 1n FIG. 3B comprises a plurality of input wind-
ings Inputl ~InputN, while the signal magnetic-1solating unit
124 illustrated 1n FIG. 4B only comprises an input winding,
Inputl. Specifically, the signal 1solating unit 124 illustrated
in FIG. 4B comprises a driving pulse-1solation transformer,
in which said driving pulse-isolation transformer comprises
an 1nput winding Inputl, a magnetic core and a plurality of
output windings Outputl~OutputN. Each output winding 1s
correspondingly electrically coupled to the driving second-
ary-side units 1261~126N. For example, the output winding
Outputl 1s electrically coupled to the driving secondary-side
unit 1261. Moreover, the mnput winding Input 1s electrically
coupled to the driving primary-side unit 122.

Still yet another embodiment 1s described with reference
1s to FIG. 5A. It should be noted that the 1solated pulse
transforming unit 134 1llustrated 1n FIG. 5A basically 1s the
combined circuit structure of the 1solated pulse transforming
units 134 illustrated 1n FIG. 3A and FIG. 4A. Specifically, a
portion of the circuit structure of the isolated pulse trans-
forming unit 134 illustrated 1n FIG. SA uses the circuit
structure of the i1solated pulse transforming unit 134 1llus-
trated 1in FIG. 3A. For example, the 1solated pulse trans-
forming unit 134 of FIG. 5A comprises a plurality of pulse
transiormers, 1n which each pulse transformer comprises an
input winding Inputl, a magnetic core and an output wind-
ing Outputl, and the mput winding Inputl 1s electrically
coupled to the protection signal generating umt 1361.

Moreover, another portion of the circuit structure of the
isolated pulse transforming unit 134 illustrated 1n FIG. 5A
uses the circuit structure of the 1solated pulse transforming,
umt 134 illustrated in FIG. 4A. For example, the pulse
transformer of the 1solated pulse transforming unit 134
illustrated 1n FIG. SA comprises a plurality of input wind-
ings Input(N-n+1)~InputN, a magnetic core and an output
winding OutputN, 1n which each mput winding 1s corre-
spondingly electrically coupled to the protection signal
generating unit. For example, the mput winding InputN 1s
clectrically coupled to the protection signal generating unit
136N. It should be noted that all the output windings
Outputl~OutputN of the pulse transformers are serially
connected 1n turn, and the two ends of the assembly of these
serially connected output windings Outputl~OutputN are
clectrically coupled to the protection signal processing unit
132. In the present disclosure, N 1s a positive mteger and n
1s a positive mteger no greater than N.
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Still yet another embodiment 1s described with reference
to FIG. 5B. It should be noted that the signal 1solating unit
124 1llustrated i FIG. 5B basically i1s the combined circuit
structure of the 1solated pulse transforming units 134 1llus-
trated 1n FIG. 3B and FIG. 4B. Specifically, a portion of the
circuit structure of the signal 1solating unit 124 1llustrated 1n
FIG. 3B uses the circuit structure of the signal isolating unit
124 illustrated in FIG. 3B. For example, the signal magnetic-
1solating unit 124 of FIG. 3B comprises a plurality of driving
pulse-isolation transformers, in which each driving pulse-
isolation transformer comprises an mput winding Inputl, a
magnetic core and an output winding Outputl, and the
output winding Outputl 1s electrically coupled to the driving
secondary-side unit 1261.

Moreover, another portion of the circuit structure of the
signal magnetic-1solating unit 124 illustrated 1n FIG. 5B
uses the circuit structure of the signal magnetic-1solating
unit 124 illustrated i FIG. 4B. For example, the driving
pulse-isolation transformer of the signal magnetic-1solating,
unit 124 illustrated in FIG. 5B comprises an mput winding
InputN, a magnetic core and a plurality of output windings
Output(N-n+1)~OutputN, 1n which each output winding is
correspondingly electrically coupled to the driving second-
ary-side unit. For example, the output winding OutputN 1s
clectrically coupled to the driving secondary-side unit 126NN.
It should be noted that all the input windings Inputl ~InputN
of the pulse transformers are serially connected 1n turn, 1n
which the two ends of the assembly of these serially con-
nected imput windings Inputl~InputN are -electrically
coupled to the driving primary-side unit 122. In the present
disclosure, N 1s a positive iteger and n 1s a positive integer
no greater than N.

FIG. 6 1s a schematic diagram 1llustrating a partial circuit
ol a power conversion device 1005 according to still another
embodiment of the present disclosure. FIG. 7 1s a schematic
diagram 1illustrating a partial circuit of a power conversion
device according to yet another embodiment of the present
disclosure. It should be noted that the partial circuit of the
power conversion device 1005 1llustrated in FIG. 6 focuses
on the connection between the driving primary-side unit 122
and the driving secondary-side units 1261~126N, while the
partial circuit of the power conversion device 10056 1llus-
trated in FIG. 7 focuses on the connection between the
protection signal processing unit 132 and the protection
signal generating units 1361~136N. In practice, the partial
circuits of the power conversion device 1005 1llustrated 1n
FIG. 6 and FIG. 7 should be combined to form an overall
power conversion device 1005. Here, the power conversion
device 100H 1s divided into two portions to facilitate the
understanding of the present disclosure by avoiding a com-
plicated circuit connection.

It should be noted that, 1n the power conversion devices
1005 of FIG. 6 and FIG. 7, the reference numbers of the
clectronic components that are similar to those used in the
power conversion device 100q illustrated 1n FIG. 2 have the
same electrical operating characteristics. For the sake of
brevity, the electric components with similar reference num-
bers will not be discussed 1n detail hereinbelow, and rather,
only the diflerences between the power conversion device
100a and the power conversion device 1006 are discussed.

FI1G. 6 and FIG. 7 1llustrate detailed structural connections
of the driving secondary-side units 1261~126NN and a plu-
rality of fault detecting circuits coupled to the power semi-
conductor switches 1521~152N 1n the power semiconductor
switch module 150. Each driving secondary-side unit 1s
correspondingly coupled to a power semiconductor switch,
and each fault detecting circuit detects a corresponding
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power semiconductor switch and a corresponding driving
secondary-side unit. The fault detecting circuit 1s coupled to
the protection signal generating units 1361~136N. For
example, the protection signal generating unit 1361 1is
coupled to a corresponding fault detecting circuit. Moreover,
FIG. 6 and FIG. 7 schematically illustrate the implementa-
tion of the fault detecting circuit. A plurality of fault detect-
ing circuits comprise a plurality of undervoltage fault detect-
ing circuits, a plurality of overvoltage fault detecting
circuits, a plurality of short-circuit fault detecting circuits
1461~146N and a plurality of over-heat fault detecting
circuits 1441~144N. Each of the plurality of fault detecting
circuits correspondingly detects whether one of the power
semiconductor switches 1521~1352N 1n the power semicon-
ductor switch module 150 has an overvoltage fault, short-
circuit fault, or over-heat fault, and whether the power
source of one of the drniving secondary-side units
1261~126N has an undervoltage fault or overvoltage fault.
When the fault detecting circuit detects one or more of the
above-mentioned faults, the fault detecting circuit outputs a
corresponding fault signal or a plurality of fault signals to
the protection signal generating umts 1361~136N, and the
protection signal generating units 1361~136IN generate a
corresponding fault pulse signal according to the one or
more recerved fault signals. When there are multiple fault
signals, the protection signal generating units 1361~136N
perform a logic “OR” process with respect to the plurality of
fault signals so as to generate a fault pulse signal.
Regarding the detection of an undervoltage fault, it 1s
possible to sample from the driving signal transmitting
circuit to detect whether the power source of the driving
signal transmitting circuit 1s 1n an undervoltage condition;
moreover, 1t 1s possible to sample from the driving second-
ary-side units 1261~126N to detect whether the supplying
power source of the driving secondary-side unit 1s 1n an
undervoltage condition. If it has been detected that the
supplying power source of the driving secondary-side unit 1s
in an undervoltage condition, the undervoltage fault detect-
ing circuit (not shown) 1s used to provide an undervoltage
fault signal to the protection signal generating units
1361~136N. Regarding overvoltage fault detection, this
may be sampled from the clamping circuits 1421~142N to
detect whether the power semiconductor switches
1521~152N are 1n an overvoltage condition. IT it has been
detected that the power semiconductor switches 1521~152N
are 1n an overvoltage condition, the overvoltage Tault detect-
ing circuit (not shown) 1s used to provide an overvoltage

fault signal to the protection signal generating units
1361~136N. In other embodiments, overvoltage fault detec-
tion can also sample from the driving signal transmitting,
circuit to detect whether the power source of the driving
signal transmitting circuit 1s 1 an overvoltage condition;
moreover, it 1s possible to sample from the supplying power
source of the driving secondary-side units 1261~126N to
detect whether the supplying power source of the driving
secondary-side units 1261~126N 1s 1n an overvoltage con-
dition. If 1t has been detected that the supplying power
source of the driving secondary-side units 1261~126N 1s 1n
an overvoltage condition, an overvoltage fault signal is
provided to the protection signal generating units
1361~136N.

As to the detection of a short-circuit fault, 1t 1s possible to
use the short-circuit fault detecting circuits 1461~146N to
sample the power semiconductor switches 1521~152N to
detect whether the power semiconductor switches
1521~152N are in short circuit conditions. If 1t has been
detected that the power semiconductor switches 1521~152N
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are 1n short circuit conditions, the short-circuit fault detect-
ing circuits 1461~146N are used to provide a short-circuit
fault signal to the protection signal generating units
1361~-136N. In one embodiment, the short-circuit fault
detecting circuits 1461~146N may use an inductor to detect
whether the power semiconductor switches are in short-
circuit conditions. Regarding the detection of an over-heat
fault, it 1s possible to sample from the over-heat fault
detecting circuit 1441~144N to detect whether the power
semiconductor switches 1521~152N are 1n over-heat con-
ditions. If 1t has been detected that the power semiconductor
switches 1521~152N are in over-heat conditions, the over-
heat fault detecting circuits 1441~144N are used to provide
an over-heat fault signal to the protection signal generating
units 1361~136N. In one embodiment, the over-heat fault
detecting circuits 1441~144N can be installed on a heat sink
of the power semiconductor switch module 150.

It should be noted that when any one of the above-
mentioned undervoltage fault, overvoltage fault, short-cir-
cuit fault and over-heat fault occurs, the resulting fault signal
1s transmitted to the protection signal generating units
1361~136N, and the protection signal generating units
1361~136N generate a corresponding fault pulse signal and
return this signal via the 1solated pulse transforming unit 134
and the protection signal processing unit 132, so as to turn
ofl the power semiconductor switch module 150.

While implementing the above-mentioned embodiments
according to the present disclosure, said power semiconduc-
tor switches can be a bipolar junction transistor (BJT), a
ficld-efiect transistor (FET), an msulated gate bipolar tran-
sistor (IGBT), etc., but are not limited 1n this regard. Persons
having ordinary skill in the art can adaptively select a
suitable means for implementing the present disclosure
depending on actual needs, without departing from the spirit
of the embodiments of the present disclosure.

FIG. 8 1s a schematic diagram 1llustrating a partial circuit
of a power conversion device 100¢ according to another
embodiment of the present disclosure. It should be noted
that, stmilar to the partial circuit of the power conversion
device 10056 1n FIG. 6, the partial circuit of the power
conversion device 100c¢ illustrated 1n FIG. 8 also focuses on
the connection between the driving primary-side umt 122
and the driving secondary-side units 1261~126N. The dii-
ference between said two embodiments resides 1n the fact
that the partial circuit of the power conversion device 100c¢
illustrated 1n FIG. 8 uses an optical-1solation component for
signal 1solation. For example, the signal isolating units
1241~124N can be signal light-isolating units, while the
partial circuit of the power conversion device 1005 illus-
trated 1n FI1G. 6 uses a driving pulse-1solation transformer for
signal 1solation. In the present embodiment, the driving
primary-side unit 122 receives the control signal provided
by the control circuit, and generates a primary-side signal
according to the control signal. The primary-side signal 1s
transmitted to the driving secondary-side units 1261~126N
via the signal light-1solating unit (for example, optic fibers
1241~124N). In response, the driving secondary-side units
1261~126N generate driving signals according to the
received primary-side signals, 1n which the driving signals
are used to drive the corresponding power semiconductor
switches.

In one embodiment, the present disclosure provides a
method for transmitting a protection signal 1 a power
conversion device. The method for transmitting a protection
signal comprises the following steps:

Step 210: detecting one of a plurality of power semicon-

ductor switches 1n the power semiconductor switch
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module and a drniving signal transmitting circuit, and
when one of the plurality of power semiconductor
switches, or the driving signal transmitting circuit or
the combination of both 1s/are malfunctioning, gener-
ating a fault signal;

Step 220: generating a corresponding fault pulse signal
according to the fault signal;

Step 230: using an 1solated pulse transforming unit to
receive the fault pulse signal, and outputting a protec-
tion pulse signal;

Step 240: generating a protection signal according to the
protection pulse signal;

Step 250: recerving the protection signal; and

Step 260: generating a control-terminal turn-ofl signal
according to the protection signal, and transmitting the
control-terminal turn-ofl signal to the power semicon-
ductor switch module to turn off the power semicon-
ductor switch module.

To facilitate the understanding of the above-mentioned
method for transmitting a protection signal, reference 1s also
directed to FIG. 2. It should be noted that the steps of the
method for transmitting a protection signal i the power
conversion device can be performed by components other
than the components of the power conversion device 100a
illustrated 1 FIG. 2. The following description 1s provided
to 1llustrate one implementation of the present disclosure. In
Step 210, the fault detecting circuits 1401~140N can be used
to detect the power semiconductor switches 1n the power
semiconductor switch module 150 or the driving signal
transmitting circuit 120, or the combination of both, and
when any of the power semiconductor switches or the
driving signal transmitting circuit 120, or the combination of
both 1s/are malfunctioning, the fault detecting circuits
1401~140N generate a fault signal. In Step 220, the protec-
tion signal generating units 1361~136N are used to generate
a corresponding fault pulse signal according to the fault
signal. In Step 230, the 1solated pulse transforming unit 134
can be used to receive the fault pulse signal and output a
protection pulse signal. In Step 240, the protection signal
processing unit 132 receives the protection pulse signal and
generates a protection signal according to the protection
pulse signal. In Step 250, the control circuit 110 receives the
protection signal. In Step 260, the control circuit 110 1s used
to generate a control-terminal turn-off signal according to
the protection signal, and transmit the control-terminal turn-
ofl signal to the power semiconductor switch module 150 to
turn off the power semiconductor switch module 150.

In one embodiment, referring to FIG. 1, 1n Step 260, the
process for transmitting the control-terminal turn-ofl signal
to the power semiconductor switch module can be per-
tormed by the control circuit 110 being used to transmit the
control-terminal turn-ofl signal to the power semiconductor
switch module 150 via the driving signal transmitting circuit
120.

In another embodiment, referring to FIG. 1, the method
for transmitting a protection signal 1 a power conversion
device may further use the protection signal processing unit
132 to simultaneously transmit the protection signal to the
control circuit 110 and the driving signal transmitting circuit
120.

In still another embodiment, referring to FIG. 1, the
method for transmitting a protection signal 1 a power
conversion device may further use the driving signal trans-
mitting circuit 120 to generate a driving-terminal turn-oil
signal according to the protection signal, and transmit the
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driving-terminal turn-ofl signal to the power semiconductor
switch module 150 to turn off the power semiconductor
switch module 150.

In yet another embodiment, referring to FIG. 1, the
method for transmitting a protection signal mn a power
conversion device may further use the control circuit 110 to
output the control signal, and then use the driving primary-
side unit 122 1s used to receive and process the control
signal, after which the processed signal 1s transmitted to the
driving secondary-side unit 126 using the signal 1solating
unit 124. The signal 1s then converted into a driving signal
using the driving secondary-side unit 126, so as to drive the
power semiconductor switch module 150.

In another embodiment, referring to FIG. 6, in Step 210,
the process for detecting the power semiconductor switches
in the power semiconductor switch module 150 comprises
using an overvoltage fault detecting circuit to detect whether
the power semiconductor switches in the power semicon-
ductor switch module 150 are 1 overvoltage conditions,
using the short-circuit fault detecting circuits 1461~146N to
detect whether the power semiconductor switches 1n the
power semiconductor switch module 150 are 1n short-
circuited conditions, and using the over-heat fault detecting
circuits 1441~144N to detect whether the power semicon-
ductor switches in the power semiconductor switch module
150 are in over-heated conditions.

In another embodiment, referring to FIG. 6, in Step 210,
the process for detecting the driving signal transmitting
circuit 120 comprises using the undervoltage fault detecting
circuit to detect whether the power source of the driving
signal transmitting circuit 1s 1n an undervoltage condition,
and further detecting whether the power source of the
driving secondary-side units 1261~126N in the drniving
signal transmitting circuit 120 1s 1n an undervoltage condi-
tion; and using the overvoltage fault detecting circuit to
detect whether the power source of the driving signal
transmitting circuit 120 1s 1n an overvoltage condition, and
turther detecting whether the power source of the driving
secondary-side units 1261~126N 1n the driving signal trans-
mitting circuit 120 1s 1n an overvoltage condition.

The above-described method for transmitting a protection
signal 1n the power conversion device can be implemented
by software, hardware, and/or firmware. For example, 11 an
implementer determines that speed and accuracy are para-
mount, the implementer may opt for a mainly hardware
and/or firmware 1mplementation; 1f flexibility 1s paramount,
the implementer may opt for a mainly software implemen-
tation; alternatively, the collaboration of software, hardware
and firmware may be adopted. It should be noted that none
of the above-mentioned examples 1s inherently superior to
the other and shall be considered limiting to the scope of the
present disclosure; rather, these examples can be utilized
depending upon the context in which the unit/component
will be deployed and the specific concerns of the imple-
menter.

Further, as may be appreciated by persons having ordi-
nary skill in the art, the steps of the method for transmitting
a protection signal in the power conversion device are
named according to the function they perform, and such
naming 1s provided to facilitate the understanding of the
present disclosure but not to limit the steps. Combining the
step 1nto a single step or dividing any one of the steps into
multiple steps, or switching any step so as to be a part of
another step falls within the scope of the embodiments of the
present disclosure.

In view of the above embodiments of the present disclo-
sure, 1t 1s apparent that the application of the present
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disclosure has a number of advantages. Embodiments of the
present disclosure provide a power conversion device and a
method for transmitting a protection signal using said device
to address the problems of high manufacturing cost and low
reliability caused by using an optical-1solation component to
transmuit a fault signal, as well as the problem of complicated
structure of an electronic power device resulting from the
fact that each power semiconductor switch requires an
individual 1solated pulse transformer to return the fault
signal thereof.

Although the present disclosure has been described 1n
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled 1n the art that various
modifications and varnations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it 1s
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What 1s claimed 1s:

1. A power conversion device, comprising;:

a power semiconductor switch module, comprising a

plurality of power semiconductor switches;

a driving signal transmitting circuit electrically coupled to
the power semiconductor switch module, and config-
ured to receive a control signal and generate a driving
signal according to the control signal to dnive the
conduction or non-conduction of the power semicon-
ductor switch module; and

a plurality of fault detecting circuits, wherein each of the
plurality of fault detecting circuits 1s configured to
correspondingly detect one of the plurality of power
semiconductor switches and/or the driving signal trans-
mitting circuit, and generate a fault signal when one of
the plurality of power semiconductor switches and/or
the driving signal transmitting circuit 1s malfunction-
Ing;

a protection signal transmitting circuit, comprising:
an 1solated pulse transforming unit coupled to the

plurality of fault detecting circuits, and configured to
receive a corresponding fault pulse signal generated
according to the fault signal, and to output a protec-
tion pulse signal;
a protection signal processing unit electrically coupled
the 1solated pulse transforming unit; and
a plurality of protection signal generating units electri-
cally coupled to the 1solated pulse transforming unit,
wherein each of the plurality of protection signal
generating units 1s correspondingly coupled to the
one of the plurality of fault detecting circuits,
wherein the 1solated pulse transtforming unit comprises
a plurality of mput windings, and only one output
winding, each of the plurality of input windings 1s
correspondingly electrically coupled to the one of the
plurality of protection signal generating units, and
the only one output winding 1s electrically coupled to
the protection signal processing unit;

a control circuit coupled to the driving signal transmitting,
circuit and the protection signal processing unit, and
configured to generate the control signal and receive a
protection signal generated according to the protection
pulse signal, and generate a control-terminal turn-oil
signal according to the protection signal to turn off the
power semiconductor switch module.
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2. The power conversion device of claim 1, wherein the
protection signal processing unit configured to receive the
protection pulse signal, wherein the protection signal pro-
cessing unit generates the protection signal according to the
protection pulse signal and transmits the protection signal to
the control circuit.

3. The power conversion device of claim 2, wherein the
protection signal processing unit simultaneously transmits
the protection signal to the control circuit and the driving
signal transmitting circuit.

4. The power conversion device of claim 3, wherein the
driving signal transmitting circuit 1s configured to generate
a driving-terminal turn-oil signal according to the protection
signal and transmit the driving-terminal turn-ofl signal to
turn oil the power semiconductor switch module.

5. The power conversion device of claim 2, wherein the
plurality of protection signal generating units generates the
corresponding fault pulse signal according to the fault
signal.

6. The power conversion device of claim 5, wherein the
1solated pulse transforming unit further comprises a plurality
of magnetic cores and a plurality of windings serially
connected 1 turn to form the only one output winding,
wherein the plurality of magnetic cores, the plurality of
windings and the plurality of input windings form a plurality
of pulse transformers.

7. The power conversion device of claim S, wherein the
1solated pulse transforming unit further comprises:

a magnetic core, wherein the magnetic core, the only one

output winding and the plurality of input windings form
a pulse transformer.

8. The power conversion device of claim 5, wherein the
isolated pulse transforming unit further comprises:

a plurality of magnetic cores and a plurality of windings
serially connected in turn to form the only one output
winding, wherein the plurality of magnetic cores, the
plurality of windings and the plurality of mput wind-
ings form a plurality of pulse transformers, wherein one
of the plurality of pulse transformers comprises one of
the mput windings, one of the magnetic cores and one
of the windings; another one of the plurality of pulse
transformers comprises a plurality of input windings,
one of the magnetic cores and one of the windings.

9. The power conversion device of claim 1, wherein the

driving signal transmitting circuit comprises:

a driving primary-side unit configured to receive the
control signal and generate a driving pulse signal
according to the control signal;

a signal magnetic-1solating unit configured to receirve and
transmit the driving pulse signal; and

a driving secondary-side unit configured to receive the
driving pulse signal and convert the driving pulse
signal 1to the driving signal to drive the power semi-
conductor switch module.

10. The power conversion device of claim 1, wherein the

driving signal transmitting circuit comprises:

a driving primary-side unit configured to receive the
control signal and generate a primary-side signal
according to the control signal;

a signal light-isolating unit configured to receive and
transmit the primary-side signal; and

a driving secondary-side unit configured to receive the
primary-side signal and convert the primary-side signal
into the driving signal to drive the power semiconduc-
tor switch module.

11. The power conversion device of claim 9, wherein the

number of the driving secondary-side unit 1s more than one,
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and each of the plurality of driving secondary-side units 1s
correspondingly electrically coupled to the one of the plu-
rality of power semiconductor switches of the power semi-
conductor switch module.

12. The power conversion device of claim 11, wherein the
signal magnetic-1solating unit comprises:

a plurality of driving pulse-1solation transformers,
wherein each of the plurality of driving pulse-isolation
transformers comprises an mput winding, a magnetic
core and an output winding; the output winding of each
of the plurality of driving pulse-1solation transformers
1s correspondingly electrically coupled to the one of the
plurality of driving secondary-side units; and the plu-
rality of mput windings of the plurality of driving
pulse-1solation transformers are serially connected 1n
turn, and electrically coupled to the driving primary-
side unit.

13. The power conversion device of claim 11, wherein the

signal magnetic-1solating unit comprises:

a driving pulse-isolation transformer, comprising an input
winding, a magnetic core and a plurality of output
windings, wherein each of the plurality of output wind-
ings 1s correspondingly electrically coupled to the one
of the plurality of driving secondary-side units, and the
mput winding i1s electrically coupled to the drniving
primary-side unit.

14. The power conversion device of claim 11, wherein the

signal magnetic-1solating unit comprises:

a plurality of driving pulse-isolation transformers,
wherein one of the plurality of driving pulse-isolation
transformers comprises an mput winding, a magnetic
core and an output winding; another one of the plurality
of driving pulse-1solation transformers comprises an
input winding, a magnetic core and a plurality of output
winding; each of the plurality of output windings 1s
correspondingly electrically coupled to the one of the
plurality of driving secondary-side units; and the plu-
rality of input windings are serially connected 1n turn
and electrically coupled to the driving primary-side
unit.

15. The power conversion device of claim 1, wherein each
of the plurality of fault detecting circuits comprises at least
one of a undervoltage fault detecting circuit, an overvoltage
fault detecting circuit, a short-circuit fault detecting circuit
and an over-heat fault detecting circuit.

16. The power conversion device of claim 9, wherein the
plurality of fault detecting circuits comprises a plurality of
power source undervoltage fault detecting circuits and a
plurality of power source overvoltage detect circuits, the
plurality of power source undervoltage fault detecting cir-
cuits are configured to detect the undervoltage fault of the
corresponding power source ol the plurality of driving
secondary-side units, and the plurality of power source
overvoltage detect circuits are configured to detect the
overvoltage fault of the corresponding power source of the
plurality of driving secondary-side unats.

17. The power conversion device of claim 1, wherein the
plurality of fault detecting circuits comprise a plurality of
overvoltage fault detecting circuits, a plurality of short-
circuit fault detecting circuits and a plurality of over-heat
fault detecting circuits; the plurality of overvoltage fault
detecting circuits are configured to detect the overvoltage
tault of the corresponding plurality of power semiconductor
switches; the plurality of short-circuit fault detecting circuits
are configured to detect the short-circuit fault of the corre-
sponding plurality of power semiconductor switches; and
the plurality of over-heat fault detecting circuits are config-
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ured to detect the over-heat fault of the corresponding
plurality of power semiconductor switches.
18. The power conversion device of claim 1, wherein the
number of the power semiconductor switch module 1s more
than one, and the control circuit turns ofl the plurality of
power semiconductor switch modules according to the con-
trol-terminal turn-ofl signal.
19. A method for transmitting a protection signal of a
power conversion device, comprising:
detecting a plurality of power semiconductor switches
within a power semiconductor switch module and/or a
driving signal transmitting circuit, and generating a
fault signal when one of the plurality of power semi-
conductor switches and/or a driving signal transmitting
circuit 1s malfunctioning;
using an 1solated pulse transforming unit to receive a
corresponding fault pulse signal generated according to
the fault signal, and to output a protection pulse signal;

receiving a protection signal generated according to the
protection pulse signal; and

generating a control-terminal turn-off signal according to

the protection signal, and transmitting the control-
terminal turn-ofl signal to turn off the power semicon-
ductor switch module,

wherein the 1solated pulse transforming unit comprises a

plurality of input windings and only one output wind-
ing, one of the plurality of input windings receives the
corresponding fault pulse signal, and the only one
output winding outputs the protection pulse signal.

20. The method for transmitting the protection signal of
claiam 19, wherein the step of transmitting the control-
terminal turn-ofl signal to the power semiconductor switch
module comprises:

using a control circuit to transmit the control-terminal

turn-ofl signal to the power semiconductor switch
module via the driving signal transmitting circuit.

21. The method for transmitting the protection signal of
claim 20, wherein the step of receiving the protection signal
generated according to the protection pulse signal com-
Prises:

using a protection signal processing unit to generate the

protection signal according to the protection pulse
signal; and

using the control circuit to receive the protection signal.

22. The method for transmitting the protection signal of
claim 21, further comprising:

using the protection signal processing unit to simultane-

ously transmit the protection signal to the control
circuit and the driving signal transmitting circuit.

23. The method for transmitting the protection signal of
claim 22, further comprising:
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using the driving signal transmitting circuit to generate a
driving-terminal turn-oil signal according to the pro-
tection signal, and to transmit the driving-terminal
turn-oil signal to turn off the power semiconductor
switch module.

24. The method for transmitting the protection signal of
claam 19, wherein the step of using the 1solated pulse
transforming unit to receive the corresponding fault pulse
signal generated according to the fault signal generate
COmMprises:

using a plurality of protection signal generating units to
generate a corresponding fault pulse signal according to
the fault signal.

25. The method for transmitting the protection signal of

claim 19, further comprising:

recerving a control signal and transmitting the control
signal; and

converting the control signal into a driving signal to drive
the power semiconductor switch module.

26. The method for transmitting the protection signal of
claim 19, wherein the step of detecting one of the plurality
of power semiconductor switches in the power semiconduc-
tor switch module comprises:

detecting whether one of the plurality of power semicon-
ductor switches of the power semiconductor switch
module 1s 1n an overvoltage condition;

detecting whether one of the plurality of power semicon-
ductor switches of the power semiconductor switch
module 1s 1n a short-circuited condition; and

detecting whether one of the plurality of power semicon-
ductor switches of the power semiconductor switch
module 1s 1n an over-heated condition.

277. The method for transmitting the protection signal of

claim 19, wherein the step of detecting the driving signal
transmitting circuit comprises:
detecting whether the power source of the driving signal
transmitting circuit 1s 1n an undervoltage condition; and
detecting whether the power source of the driving signal
transmitting circuit 1s 1 an overvoltage condition.
28. The method for transmitting the protection signal of
claim 27, wherein the step of detecting the driving signal
transmitting circuit further comprises:
detecting whether the power source of a driving second-
ary-side unit 1n the driving signal transmitting circuit 1s
in an under voltage condition; and
detecting whether the power source of the driving sec-
ondary-side unit in the driving signal transmitting cir-
cuit 1s 1n an overvoltage condition.
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